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8USTAIHEP RELEASE CAP80LE OR TABLET rORMULATIOH 

BACKGROUND Of THE INVEHTIOH 

This Invention relates to a method for the manufacture 
of adsorbates for use In drug delivery systems and to the 
adsorbates and drug formulations thereby obtained. 

It is frequently desirable to delay the release of an 
active substance from a pharmaceutical formulation hi 
vivo. Tor example, it may be desirable to delay release 
of the active substance within the body so that the active 
substance is released at a particular target site. Various 
coated tablets are available which are resistant to gastric 
juices but which are readily soluble in the higher pH 
environment of the small intestine. Various controlled 
absorption pharmaceutical formulations are also available 
which have a particular dissolution pattern, resulting in 
a controlled absorption of the active substance and, 
therefore, more effective medication. For example, 
controlled absorption pellets of the latter type for oral 
administration are described in the Applicant's U.S. Patent 
Hos. 4,663,150 (issued May 5, 1907), 4,716,040 (issued 
December 29, 19*7) , 4,721,619 (Issued January 26, 1988), 
4,820,521 (issued April 11, 1989) and 4,826,688 (issued 
May 2, 1989) and EP-A-0 123,470. 

The use of many active substances in therapy is 
complicated by solubility problems and this is especially 
the case with the dihydropyridine group of 
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drugs* Drugs of the latter type such as nifedipine ara 
vary poorly solubla In aquaoua media and, vhllat 
oo-precipitatea thereof with certain polymers ara known 
to Improve solubility, said co-precipitates normally 
raquira a polymer to aotiva drug ratio exceeding 3:1 in 
ordar to ba ef fsctlva in producing products 
characterised by high bioavailability vlth prompt peak 
blood levels. 

Pharmaceutical formulations baaed on an adsorbate of 
a drug within a cross-linked polymer, such as 
croes-povidone, are also known, furthermore, solid, 
rapidly absorbable medicament formulations comprising a 
dihydropyridine, polyvinylpyrrolidone with ah average 
molecular weight of 15,000 to 30,000 and cross-linked 
insoluble polyvinylpyrrolidone are known from ZP-A-0 167 
909. Such formulations are rapidly absorbable and as such 
must be administered three or four times daily to achieve 
effective therapeutic levels of the active ingredient. 

It is an object of the present invention to provide 
a sustained relsase capsule or tablet formulation for 
once daily administration wherein the bioavailability of 
an otherwise poorly bioavailable active substance is 
enhanced and eff active controlled release formulations 
thereof can be produced. 

SvTffttRY vT THE INYEFTIflM 

Accordingly, the invention provides a sustained 
release capsule or tablet formulation suitable for once 
daily administration comprising an adsorbata of a 
mixture of 1 part by weight of a pharmaceutical^ 
acceptable dihydropyridine in substantially amorphous 
form and from 0.1 to 10 parts by weight of a polyvinyl- 
pyrrolidone having an average molecular weight greater 
than 55,000 adsorbed on a cross-linked polyvinylpyr- 
rolidone in a ratj^p of 1 part by weight of said mixture 
to 0.5 to 20 parts by weight of cross-linked 



polyvinylpyrrolidone, blended with a polymer or mixture 
of polymer* vhioh gel in the preeenoe of water, the 
amount of eaid polymer or polymers being effective to 
produce the desired sustained release effect. 

DETAILED DESCRIPTION QT THE INYMTIO H 

The pharmaceutical ly useful dihydropyridines used in 
the present invention generally fall within the 
chemical formula 




vhere is aryl or heteroaryl each of which may be . 
substituted by various groups such as nitro and halogen 
whilst R 2 , R 3# R 4 and * 5 which are the same or 
different, each represent alJcyl groups which may be 
substituted by groups such as halogen, altoxy, amino, 
alkylamino and arylalfcylaaino. 

Preferred dihydropyridines covered by the general 
formula (I) are felodipine, nicardipine, nifedipine, 
nitrendipine,, nlmodipine, nisoldipine and 4- (2,1, 3- 
ben«oxadiarol-4-yl)-2,«-dimethyl-l,4-dihydro-3- 
ieopropyloxycarbonyl-pyridine-5-carboxylic acid methyl 
ester. 

The formation of the adsorbate may result in the 
dihydropyridine being in an amorphous state which can be 
verified by x-ray diffraction and, in addition, 
differential scanning calorimetery, which state is 
preferably retained in the sustained release 
formulations hereafter described. 
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Tha polyvinylpyrrolidona ia prafarably praaant in 
tha adaorbata in an amount of 0*23 - 2 parta by waight 
ralativa to 1 part by vaight of tha dihydropyridina. 
rurtharmora, tha formulation prafarably oontaina 1 part 
by waight of aaid mixtura ralativa to 1 - 10 parta by 
wmight of croaa^linkad polyvinylpyrrolidona. 

Tha invention alao providaa a procaaa for praparing 
a auatainad ralaaaa formulation aa dafinad abova, which 
compriaaa diaaolving tha dihydropyridina and tha 
polyvinylpyrrolidona in a common aolvant, mixing tha 
aolution tharaby obtainad with a givan quantity of tha 
croaa-lin)cad polyvinylpyrrolidona ao aa to parmit 
adeorption of aaid dihydropyridina and aaid 
polyvinylpyrrolidona to aaid croaa-linkad 
polyvinylpyrrolidona, raaoving tha aolvant, and blanding 
tha raaulting product with aaid polymar or mixtura of 
polymara which gal in tha praaanca of watar and 
•ncapaulating or tablatting tha raaulting bland. 

Tha aolvant uaad ia any pharmaeautically auitabla 
co-aolvant for tha dihydropyridina and tha 
polyvinylpyrrolidona. 

Tha aolvant ia auitably aalactad from watar, 
alcohol*, katonaa, haloganatad aliphatic compounda, 
haloganatad aromatic hydrocarbon compound a, aromatic 
hydrocarbon compounda and cyclic athara or a mixtura 
tharaof. 

Espacially prafarrad aolvanta includa watar, 
haxana, haptan«, mathanol, athanol, iaopropyl alcohol, 
acaton«, mathylathyl katona, ■athyliaobutyl katona, 
mathylana chlorida, chloroform, carbon tatrachlorida, 
toluana, xylana and tatrahydrofuran. 

Tha polyvinylpyrrolidona ia choaan to modify tha 
diaaolution of tha dihydropyridina from tha croaa-linkad 
polyvinylpyrrolidona and alao aarvaa to pravant any 
cryatalliaation of tha dihydropyridina in tha polymar 
matrix atructura of tha adaorbata during di»aolution. 
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Principally, tha polyvinylpyrrolidone aarvae to aid tha 
euatainad ralaaaa machaniam of tha capeula or tablet 
doaaga form according to tha invantion* 

Tha polyvinylpyrrolidona prafarably haa an average 
molecular waight in tha ranga 55,000 to 75*000, It ia 
found that polyvinylpyrrolidona a having a molacular 
waight graatar than 55,000 hava a viacoaity which aervea 
to auatain tha ralaaaa of activa ingradiant from tha 
capaule or tablat formulation following adminlatration. 
Tha graatar tha viacoaity of tha polyvinylpyrrolidona 
uaa, tha alowar tha ralaaaa of activa ingradiant. 

An eepecially prafarrad croea-linked 
polyvinylpyrrolidona ia croaa-povidona (aold undar tha 
Trade Mark* Polplaadone XL (GAT) and Kollidon CI, 
(BASF) ) • 

for forming capaulaa or tablete according to tha 
invention, tha adeorbate aa dafinad abova adaorbad on 
tha crqee-1 inked polyvinylpyrrolidona ia granulatad and 
blandad with a polymer or mixture of polymara which gala 
in tha preeence of water, and optionally othar 
ingredianta. Tha bland tharaby obtained can ba tablattad 
or encapeulated according to convantional methoda, 
tharaby yielding a long acting matrix ayetem which alao 
exhiblte improvad drug abeorption. Suitable polymara 
for blending with adaorbatea for eubeequent tabletting 
or encapaulation are inert polyaere, which include both 
water aoluble and watar ineoluble polymera auch aa, for 
exampla, polyvinyl alcohol, polyvinylpyrrolidona, 
hydroxyethylcelluloee, hydroxypropylcelluloae, 
hydroxypropylmethylcelluloee, a odium 

carboxymethylcelluloae, alkyl-calluloeee auch aa »«thyl- 
and athylcelluloaa, ahallac, polymara aold undar the 
Trade Mark Budragit, polyethylane glycol, aodium 
alginate, galactomannona or carboxypolymethylene or 
mixtur aa thereof. 
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.udr.git poly>». ar. polym.rio l.equ.r aubatanoa. 
ba..d on aoryl.t.. and/or mathaorylata. . Socially 
■uit^bla Budragit. for u.. tha polymar which gala in 
watar in tha oapaul.a or tablats according to tha 
invantion inblud. co-polym-r. of aorylio and m.thaoryllc 
.cid ..tar. which hav. varying p.rm.ability to watar and 

activa ingr.di.nt. 

Xn ..p.cially auitabl. group of polym.r. i. th. 

polyaar. .old undar tha Trad. Mark M.thoc.l. 

If on. wiah.a to dalay r.l.aa. of th. activ. 

ingr.di.nt In vivo in cap.ul. or tablat font, a 

combination of wat.r .olubl. and a vatar in.olubl. 

polymar or a -ixtur. of wch polyr. will b. u..d, with 

th. ratio of tha watar aolubla to wat.r inaolubl. 

polym.r b.ing vari.d to giv. th. d..ir.d rata of 

r.l.a... Similarly, in th. c... of polym.r./co-polym.r. 

of varying p.rmaability, -uch a. th. Kudragit., th. 

p«r— ability charact.ri.tie of th. poly.r./co-poly.r. 

will b. choa.n to giv. th. d.air.d rat. of ralaa... 

Th. adaorbataa according to th. pra.ant invantion 
r.«ilt in improved drug d.liv.ry r.lativ. to known 
activ. drug ad.orbafa in a croa-linked polyr -inc. 
th. ad.orbate. in th. formulation, of th. pre.ent 
invantion yi.ld a matrix ayatam .xhibiting both d.layad 
or auatain.d r.l.a.. of activa drug and improvad 
absorption of .aid activ. drug In V l VQ . 

Th. invntion will b. furth.r illu.tratad with 
r.f.r.nc. to the following Bxampl... 
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IXAMEXjEJL 

Polyvinylpyrrolidone with an avaraga ■olacular 
vaight of «0,000 (0.75 leg) vaa diaaolvad in »athylana 
ehlorida (8 kg). Hifadlpina (1 Xg) vaa than addad to 
thia aolution and allowad to diaaolva. Tha solution 
tharaby obtalnad waa than adaorbad onto croaa-povidona 
(2.3 kg) and tha aolvant avaporatad. Tha raaulting 
povdar waa than paaaad through an oacillating granulator 
to obtain a finar particla siza. X-ray diffraction and 
diffarantial acanning caloriaatry atudiae vara parforaad 
on tha povdar and da»onatratad that tha nifadipina vaa in 
an aaorphoua fom. Tha povdar 50% vaa than tablattad 
vith tha following ingradianta. 

Mathocel K100I.V (Trada Mark) 8.0* 
Avical pHlOl (Trada Mark) 41.5% 
Magnaaiu* etaarata 0.5% 

to obtain a tablat containing 20 »g of activa 
ingradiant. An x-ray diffraction pattarn of tha tablat 
vaa obtainad vhich daaonatratad tha a»orphoua natura of 
tha nifadipina had baan ratainad. 

In tha ahova Zxaapla, tha ratio of nifadipina, 
polyvinylpyrrolidona and croaa-povidona »ay ba altarad 
vithin tha liBita vhich ratain tha a»orphoua natura Of 
tha drug. Thia alao appliea in tha caaa of tha 
•ubaaquant Kataaplaa. 
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rurthar»ora, tha Mathocal uaad «ay ba Kathooal KIM, 
X13M, K100M, or t, a, T grad*. dapanding on tha ralaa.a 
eharaetariatioa daairad. 

Tha gal forming polywr »ay ba uaad in an amount of 
3 - 50% with proportional changaa in tha pracantaga of 
adaorbata uaad. Thia alao appliaa in tha eaaa of tha 
aubaaguant Sxanplaa. 

Polyvinylpyrrolidona with an avaraga .olacular 
vaight of 60,000 (0.65 kg) vaa diaaolvad in 
iaopropyl alcohol (10 kg). Hicardipin. (1 kg) waa than 
addad to tha aolution and allowad to diaaolva. Tha 
aolution tharaby obtalnad waa than adaorbad onto 
croaa-povidona (3 kg) and tha aolvant avaporatad. Tha 
raaulting powdar vaa paaaad through an oacillating 
granulator to obtain a f inar particla aira. Tha powd-r 
(601) waa than tablattad with tha following ingradianta: 

Mathocal K100K (Trada Hark) 8.0% 
Xvical pHlOl (Trada Mark) 31.3% 
Kagnaaixni ataarata °' 5% 

to obtain a tablat containing 60 >g of activa ingradiant. 



Tha procadura of Kxa«pla 1 Waa rapaatad axcapt that 
tha nifadipina waa raplacad by an agual amount (1 kg) of 

4-dihydro-3-i«opropyloxycarborTyl-pyridina-5-carboxylic 
acid «athyl ««tar (*H 200) and tablata containing 
10 ag of activa ingradiant wara producad. 
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EXAMPLE 4 

Polyvinylpyrrolidone with an average molecular 
weight of 53,000 (0.7S kg) wai diaaolved in methylene 
chloride (12 JW) nifedipine (1 kg) waa than addad to thia 
aolution and allowed to dieeolve. Tha aolution thereby 
obtainad waa than adaorbad onto croea-povidone (3 Jcg) and 
tha eolvent avaporatad. Tha raaulting powdar waa than 
paaaad through an oacillating granulatpr to obtain a fine 
particla aire. X-ray diffraction and differential 
acanning calorinatry atudiea ahowed that the drug waa in 
uorphoue font in thia adaorbata. The powder (30%). was 
than tabletted with the following ingredienta: 

Kethocel JU00 LV (Trade Mark) 10% 
Xvicel pHlOl (Trade Mark) 5'« 5% 
Magnaaiua atearata °* 5% 

to obtain a tablet containing 20 »g active ingredient. 

Similarly x-ray diffraction and differential 
■canning calorimetry atudiea ahow thia product to be 
amorphous. 



7DCXKPLZ 5 

A nifedipine adaorbata waa prepared aa in the caae 
of Example «-..«»■ P*vdar thua prepared (50%) waa than 
blended with tha following ingredienta: 

Mathocel K100 M (Trade Mark) "«5% 
Avicel pHlOl (Trade Mark) 5 - 0% 
Magnaaiua atearata 



0.5% 



and ancapaulating to give capaulea containing 20 «g of 
active ingredient. 
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Polyvinylpyrrolidona (1 kg) with an avaraga 
»olaoular vaight of 63,000 vaa diaaolvad in 10 kg 
mathylana chlorida. Jalodiplna (1.3 kg) vaa addad and 
diaaolvad. Tha aolution obtained vaa adaorbad onto 
croaa-povidona (3 kg) and tha aolvant avaporatad. Tha 
raaulting powdar was than paaaad through an oacillating 
granulator to obtain a fina particla aisa. X-ray 
diffraction and diffarantial acanning caloriaatry atudi 
ahovad that tha drug vaa in an aaorphoua for* in thia 
adaorbata. Tha povdar (30%) waa than tablat tad with th 
following ingradianta: 

Mathocal K15M (Trada Mark) 
Avical pHlOl (Trad* Mark) 
Magnaaiux ataarata 

to obtain a tablat containing 10 »g active ingradiant. 

EXAMPUS 7 

Sxaspla 1 vas rapaatad mxampt that tha adaorbata 
adaorbad on tha croaa-povidona (50%) vaa tablattad vith 

Sodiun alginata 
Pragalatiniaad at arch 
Talc 

to obtain tablata containing 50 wg of activa 
ingradiant. 



30.0% 
/69.5% 
0.5% 



15.0% 
33.5% 
1.5% 
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Kxanpla 1 waa rapaatad ajtoapt that tha adaorbata 
adaorbad on tha oroaa-povidona oontainad nitrandipina 
tha final tablata oontainad 20 »g of tha activa 
ingradiant. 



Exa»pla 2 vaa rapaatad axcapt that tha adaorbata 
oontainad ni»odipina and vaa tablattad with 

Lactoaa V.8.P. 10.0% 

Eudragit R.S. 10.0% 

Eudragit R.L. 29.25% 

Calciua ataarata 0.75% 

to {on tablata containing 50 wj of ni»odipina. 



■EXAMPLE 1Q 

■> 

Kxaapla 1 vai rapaatad except that tha adaorbata 
adaorbad on tha crosa-povidona vaa tablattad with 

Dibasic calcium phoaphata 

dihydrata H.F. .13.0% 

Ethylcalluloaa 100 c.p.a. 15 - 0% 

poly • thy lanaglycol 6000 5 -°* 

Hydroxyathylcallulosa 39.0% 

Calcium ataarata 1#0% 
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1. x sustained release capsule or tablet 
formulation suitable for once daily adminiatration 
comprising an adsorbate of a mirture of 1 part by weight 
of a pharmaceutical^ acceptable diydropyridina in 
■ubatantially amorphous font and fro* 0.1 to 10 parts by 
vaight of a polyvinylpyrrolidone haying an average molecular 
weight graatar than 55,000 adsorbed on a cross-linked 
polyvinylpyrrolidona in a ratio of 1 part by vaight of aaid 
mixture to 0.5 to 20 part* by vaight of cross-linked poly- 
vinylpyrrolidona, blandad vith a polymer or mixture of 
polymers vhich gal in tha presence of water, tha amount of 
said polymer or polymers baing effective to produca tha 
dasirad sustained ralaasa effect. 

2. A formulation according to claim 1, vharain said gal 
forming polymer is present in an af f active amount betw««n 
3 to 50% by weight of the formulation. 

3. X formulation according to claim 1, vherein the 
dihydropyridine falls within the general formula (I) 




1 



H 



vharain ia aryl or hetaroaryl each of which is 
optionally substituted and * 2# R3, \ and * s , which may 
be the same or different, each represents an optionally 
substituted alkyl group. 
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4. A sustained releass formulation according to claim 
3, whetrein in the <^ihydropyridine of the ganaral formula 
I , R x is aryl or hetfcroaryl aach of which ia optionally 
substituted by a halogen atom or a nitro group and R 2 , 
R 3 , R 4 and R 5 , which may ba the same or different, each 
represents an al)cyl group optionally substituted by a • 
halogen atom or by an elfcoxy, amino, alfcylamino or 
aral)cylamino group. 

5. A sustained relsase formulation according to claim 4, 
vherein the dihydropyridine is selected from the group 
consisting of felodipine, nicardipine, nifedipine, 
nitrendipine, nimodlplne, nisoldipine and 

4- (2 , 1 , 3-benxoxadiaxol-4-yl) ^2 , 6-dimetbyl-l , 4-dihydro 
-3-isopropyloxycarbonyl- pyridine-5-carboxylic acid 
mathyl estar. 

6. A sustained relsasa formulation according to claim 1, 
wharain the polyvinylpyrrolidone is pressnt in the 
adsorbate in an amount of 0.25-2 parts by weight •? 
relative to 1 part by wsight of the dihydropyridine. 

7. A sustained relaase formulation according to claim 1, 
which contains 1 part by weight of said mixture relativa 
to 1-10 parts by weight of cross-linked polyvinylpyrroli- 
done . 

8. A sustained relsasa formulation according to claim 1, 
wherein the polyvinylpyrrolidone has an average molecular 
wsight in the ranga 55,000 to 75,000. 
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9. X auatainad r«l«u« formulation according to claim 1, 
wharain tha polymM which g*l» in tha praaanoa of vatar 
ia aalaotad fro* tha group oonaiating of polyvinyl 
alcohol, polyvinylpyrrolidona, hydroxyathyloalluloaa, 
hydroxypropy lcalluloaa , hydroxypropylmathyloalluloaa , 
sodium carboxymathylcalluloaa, alkylcalluloaaa, 
copolymars of acrylic and mathacrylic acid astara, 
polyathylana glycol, ■ odium alginata, galactomannona and 
earboxypolymathylana or mixturaa tharaof . 

10. A auatainad ralaaaa formulation according to claim 
9, wharain tha polymar ia hydroxypropylmathylcalluloaa. 

11. A procaaa for praparing a auatainad ralaaaa 

formulation according to claim 1, which compriaaa 
diaaolving tha dihydropyridina and tha 
polyvinylpyrrolidona in a common aolvant, mixing tha 
solution tharaby obtainad with a givan quantity of tha 
croaa-linfcad polyvinylpyrrolidona so aa to parmit 
adsorption of aaid dihydropyridina and aaid 
polyvinylpyrrolidona to aaid croaa-linkad 
polyvinylpyrrolidona, ramoving tha aolvant, and blanding 
tha raaulting product with aaid polymar or mixtura of 
polymars which gal in tha praaanca of watar and 
ancapaulating or tablatting tha raaulting bland. 
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12. X prooaaa according to claim 11. vharain tha aolvant 
uaad ia any pharaaoautically auitabla oo-aolvant for tha 
dihydropyridina and tha polyvinylpyrrolidona. 

13. X prooaaa according to claim 12, vharain tha aolvant 
ia aalactad from tha group oonaiating of vatar, alcohola, 
fcatonaa, haloganatad aliphatic conpounda, haloganatad 
aromatic hydrocarbon compounda, aromatic hydrocarbon 
compounda and cyclic athara or a mixtura tharaof. 

14. X procaaa according to claim 13, vharain tha aolvant 
la ealactad from tha group cpnaiating of vatar, haxana, 
haptana, mathanol, athanol, iaopropyl alcohol, acatona, 
mathylathyl katona, mathyliaobutyl *atona, mathylana 
chlorida, chloroform, carbon tatrachlorida, toluana, 
xylana and tatrahydrofuran. 



